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Abstract 
This paper proposes a multi-agent approach to decentralized power system restoration for  distribution system 
networks. The proposed method consists of several Distributing Substation Agents (DSAGs) and Load Agents 
(LAGs). LAG corresponds to the customer load, while a DSAG corresponds to the distribution substation. LAG 
restores self-load, while a DSAG supplies the electricity to LAGs. From the simulation results, it can be seen the 
proposed multi-agent system could reach the right solution by making use of only the local information. In addition, 
the proposed method is able to get the restorative plan which is better than the solution of the mixed integer 
programming. Therefore, the interaction of several simple agents leads to a dynamic restoration system, allowing 
approximation solution efficiently. This means that the proposed multi-agent restoration system is a promising 
approach to more large-scale distribution networks.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
When electric power supply interruption is caused by a fault, it is important to restore the power 
system promptly to an optimal target network configuration after the fault. The problem of obtaining a 
target network is referred to as a power system restoration [1]. In recent years, an automation of the 
distribution system is advancing. Now, the configuration of the distribution network is treated by the tree 
structure for ease of handling. Therefore, the determination of a target system is comparatively easy. 
When the blackout by the fault occurs in the distribution system, a power system operator must identify 
the faulted equipment, and restore effectively the blackout area except for the fault equipment. However, 
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since the number of equipment included in the distribution system is extremely large, an efficient 
recovery method is required.  
In general, since the distribution system has approximately 400 switches, it is necessary to examine the 
combination of switching statuses in order to obtain the restoration target system. For example, it’s 
necessary for 8.2∗  years to examine one pair in 1[ ], and is not realistic [2]. Hence, to obtain the 
target configuration, various approaches have so far been proposed, which can be roughly classified into 
four categories: heuristics [3], expert systems [4], mathematical programming [5], and soft computing [6]. 
Heuristic and ESs have been used in industries extensively, but they both have their own deficiency with 
respect to the optimality of solutions. On the other hands, MP is able to obtain the optimal solution after 
the formulation, but it needs some engineering judgment in formulating restoration problems due to its 
sheer difficulty. Its long execution time may sometimes make feel MP in practical considering the time 
constraints on site. Although soft computing methods are easy to implement, they cannot obtain the 
optimal solutions in the true sense. They need long computation time until solution. 
This paper proposes a multi-agent approach to decentralized power system restoration for a 
distribution system network.  
Listed below are the features of the proposed method: 
1) The target configuration is obtained by using only for local information, which an agent negotiates 
with an adjacent agent for restoration. 
2) The proposed method consists of several Distributing Substation Agents (DSAGs) and Load Agents 
(LAGs). 
3) In the proposal system, since information distributes, the extension of the distribution system is easy. 
We conducted a computer simulation by developing the proposed system with Java and applying to a 
model system. From the simulation results, the proposed system was able to get the accident restoration 
solution which was better than the solution of the mixed integer programming.  
2. Mathematical formulation of distribution system restoration 
The objective of the mathematical model of a distribution system restoration is to maximize the 
capacity of the served loads:  
∑
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where Lk  is the load at bus k , yk is the decision variable of expressing its status ( 1=yk : restored; 
0=yk : not restored), and R denotes the set of de-energized loads.  
Typical constraints associated with the restoration model are taken into account in this study:  
(a) Limit on the capacity of available power source for restoration:
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where Pe  is the power flow on the directed branch e  (we assume 0≥Pe ), xe  the decision variable of 
branch e  ( 1=xe : e  is included in the restoration path; 0=xe : otherwise), F q  the set of branches with 
starting node q , Gq  the restoration power from the energized bus q , and S  the set of energized buses 
that can be connected to de-energized area.  
(b) Power balance between supply and demand:
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where T i  is the set of branches incident to bus i , Fi  the set of branches with originating from bus i ,
Li  the load at bus i , and N  the set of buses.  
(c) Limits on branch power flow:
)(0 BkUP kk ∈≤−  ..................................................................................................... (4) 
where Pk  denotes the power flow of branch k , U k  the capacity of branch k , and B  the set of 
directed branches.  
(d) Constraint on radial configuration:
This constraint means that an obtained target configuration must be radial, and is used mandatory in 
the actual power system operations. To insure a radial configuration, the total number of branches 
incident to bus i  must be at most unity.  
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3. Multi-agent restoration framework 
3.1. Approach method 
The common form of distribution system configuration is radial-type because of the ease of operations. 
Modeling of the distribution network is shown in Fig.1. As shown in this figure, the distribution network 
is modeled by LAGs (L01 - L14) and DSAGs (S1 - S2). In this figure, a small circle expresses a switch 
(white: OFF; black: ON). <A> is a tie switch, while <B> is a sectionalizing switch. The sectionalizing 
switches are installed at certain intervals in main feeder to facilitate load transfer, while the tie switches 
are located at appropriate locations in order to facilitate service restoration. The main message used 
between agents shows in Table1. 
The proposed method consists of several LAGs and DSAGs. The objective function eq. (1) is realized 
by DSAGs, while constraints eq. (2)-(5) is realized in cooperation between LAGs.  
In general, the restoration strategy of the distribution system is as follows:  
(1) First, all the switches in the de-energized area are turned off.  
(2) Next, the de-energized area is restored using the sectionalizing switches. 
(3) Finally, when the de-energized area remains, it is restored using the tie switches. 
The use of these strategies makes it possible to obtain a target configuration similar to the one which 
would be created by human experts. This strategy is called the initial configuration restoration strategy.  
Table 1. The main messages of agents
Fig.1. Modelling of the distribution network 
No Message Explanation 
1 failure  Fault outbreak 
2 blackout Blackout outbreak 
3 request Request electricity 
4 accept-request Supply electricity 
5 reject-request Not supply electricity 
6 rest-comp Restoration  completion 
7 rest-noncomp Restoration  no completion 
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3.2. Load agent (LAG) 
The purpose of LAG is to restore the load directly connected to its associated area, and to enlarge the 
energized area. The state transition diagram of LAG is shown in Fig. 2. As shown in this figure, there are 
six states, and each state is explained below.  
[L1] Initial: LAG initializes own data: adjacent LAGs, DSAG (a substation for supply power), switch 
states, load, branch capacities, and power flows. After initializing, LAG is transited from [L1] to [L2].  
[L2] Normal: In this state, when LAG detects a fault outbreak, it is transited from [L2] to [L3], while 
when LAG detects a blackout, it is transited from [L2] to [L4]. In addition, LAG supports the restoration 
request negotiations from LAGs in the blackout area.  
[L3] Fault: In this state, as LAG is the faulted agent, it turns off all adjoining switches and separates 
own from a system. Then, LAG transmits the blackout message to LAGs connecting before a fault.  
[L4] Blackout: In this state, as LAG is the blackout agent, it turns off all adjoining switches and 
separates own from a system. Then, LAG transmits the blackout message to LAGs connecting before a 
fault, and is transited from [L4] to [L5].  
[L5] RestB: In this state, LAG negotiates with adjacent LAG for restoration. The restoration condition 
is eq. (2)-(5). When LAG implements the restoration condition, it performs the restoration using the 
sectionalizing switches. Therefore, when LAG can restore by the sectionalizing switches, it turns on a 
switch. After restoration, LAG transmits the restoration completion message to the lower LAGs 
connecting before the restoration. Then, LAG is transited from [L5] to [L1]. When LAG cannot restore, is 
transited from [L5] to [L6].  
[L6] RestA: LAG performs the restoration using the tie switches. The restoration condition is the same 
as [L5]. Therefore, when LAG can restore by the tie switches, it turns on a switch. After restoration, LAG 
transmits the restoration completion message to the lower LAGs connecting before the restoration. Then, 
LAG is transited from [L6] to [L1]. When LAG cannot restore, it is transited from [L6] to [L5].  
3.3. Distribution substation agent (DSAG) 
The purpose of DSAG is supplies electricity to LAGs. The state transition diagram of DSAG is shown 
in Fig. 3. As shown in this figure, there are three states, and each state is explained below.  
[S1] Initial: In this state, DSAG initializes own data: self-electric, adjacent LAGs, switch states, load, 
branch capacities, and power flows. After initializing, DSAG is transited from [S1] to [S2].  
[S2] Supply: In this state, DSAG supplies electricity to LAGs. When DSAG receives the restoration 
request message from LAGs, it calculates self-electric. Then, when the calculation result is bigger than 
demand load of LAGs, DSAG transmits the support message to LAGs. In addition, when DSAG detects a 
fault outbreak, it is transited from [S2] to [S3].  
[S3] Fault: In this state, as DSAG is the faulted agent, it turns off all adjoining switches and separates 
own from a system. Then, DSAG transmits the blackout message to LAGs connecting before a fault.
        
Fig.2 State transition diagram of LAG; Fig. 3 State transition diagram of DSAG 
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4. Simulation 
4.1. Simulation condition 
In order to demonstrate the effectiveness of the proposed approach, it has been applied to a model 
network as shown in Fig. 1. It is assumed that each load value is 1.0, the electric supply is 10.0(Case1) 
and 14.0(Case2), and the branch capacity is 10.0.  
4.2. Simulation results 
[1] Case1 (Load fault): First let us consider a specific case where L04 fault occur. The amount of 
available power becomes 6.0 from S1, while the sum of de-energized loads is 2.0. The resulting network 
configuration has obtained as the same one shown in Fig.4. The number of switching operation is four 
(open: 2, close: 2).  
[2] Case2 (Substation fault): Next, let us consider a specific case where S2 fault occur. The amount of 
available power becomes 7.0 from S1, while the sum of de-energized loads is 7.0. Fig.5 shows the 
simulation results which is a sub-optimal target configuration. The number of switching operations is four 
(open: 2, close: 2). 
Fig.4. Case1: Network after restorative; Fig.5. Case2: Network after restorative
4.3. Consideration 
As described in Chapter 2, we can formulate a restoration problem of the distribution system as the 
mixed integer programming (MIP). Namely, as the maximization of the restoration load, we solve the 
MIP by typical constraints of eq. (2)-(5), and decide the restoration target system with the decision 
variables x and y. The target configuration corresponding to Case1 (load fault) by using MIP is shown in 
Fig. 6 (open: 5, close: 3), while the target configuration corresponding to Case2 (Substation fault) is 
shown in Fig. 7 (open: 7, close: 8).  
The result was shown in Table 2. It turns out that there are very few operations of a proposal system. 
As described in section 3.1, this is because the proposed method operated switches by the initial 
configuration restoration strategy. In addition, because MIP did not adopt the initial configuration 
restoration strategy, the number of the switch operation increased.  
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Fig.6. Case1: Restorative goal network by MIP; Fig.7. Case2: Restorative goal network by MIP 
Table2. The number of switch operation
proposed method MIP 
ON OFF Total ON OFF Total 
Case1 2 2 4 3 5 8 
Case2 2 2 4 8 7 15 
5. Conclusion 
In this paper, we have presented a multi-agent approach to distribution system restoration. It is noted 
that the proposed multi-agent system can decide the target configuration and the switching sequence 
using local information only. The proposed method was able to obtain the target configuration with the 
small number of switching compared with MIP. This means that the proposed multi-agent restoration 
system is a promising approach to more large-scale distribution networks.  
The remaining problems to solve in the future include the evaluation with the practical system and the 
consideration of the dispersed generators. In particular, we are going to examine the restoration algorithm 
corresponding to the Smart grids.  
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